In patients with active rheumatoid arthritis (RA) despite methotrexate, to compare the effi cacy of adding tocilizumab to that of switching to tocilizumab monotherapy. Methods Double-blind, 2-year study in which adults with active RA (DAS28 >4.4) despite methotrexate were randomly assigned either to continue methotrexate with the addition of tocilizumab (MTX+TCZ) 8 mg/kg every 4 weeks or switch to tocilizumab and placebo (TCZ+PBO). The primary endpoint was the DAS28-erythrocyte sedimentation rate (ESR) remission rate at week 24. Secondary objectives included other symptomatic outcomes, quality of life and progression of structural damage. Results Of 556 randomly assigned patients, 512 (92%) completed 24 weeks. DAS28-ESR remission rates were 40.4% for TCZ+MTX and 34.8% for TCZ+PBO (p=0.19); American College of Rheumatology 20/50/70/90 rates were 71.5%/45.5%/24.5%/5.8% (TCZ+MTX) and 70.3%/40.2%/25.4%/5.1% (TCZ+PBO; differences not signifi cant). A signifi cant difference between groups was seen for low DAS28 (61.7% vs 51.4%). Radiographic progression was small and not different between groups (Genant-Sharp score progression ≤ smallest detectable change in 91% (TCZ+MTX) and 87% (TCZ+PBO)). Rates per 100 patient-years of serious adverse events and serious infections were 21 and six, respectively, for TCZ+MTX and 18 and six, respectively, for TCZ+PBO. Alanine aminotransferase elevations greater than threefold the upper limit of normal occurred in 7.8% and 1.2% of TCZ+MTX and TCZ+PBO patients, respectively. Conclusion No clinically relevant superiority of the TCZ+MTX add-on strategy over the switch to tocilizumab monotherapy strategy was observed. The combination was more commonly associated with transaminase increases. Meaningful clinical and radiographic responses were achieved with both strategies, suggesting that tocilizumab monotherapy might be a valuable treatment strategy in suitable RA patients.
Persistent infl ammation at the level of the joint (synovitis and osteitis) or the whole body (refl ected in acute phase reactants) is among the most important predictors of subsequent structural deterioration. 1 Infl ammation is also responsible for symptoms such as pain, fatigue and disability that impair the patient's quality of life. 2 Structural deterioration can be evaluated over months using radiological scoring systems. 3 Therefore, the short-term objective of RA treatment is to improve the patient's condition by abrogating infl ammation and by sustaining this, thereby achieving the longer term objective of stopping radiological progression. 1 Methotrexate is considered the cornerstone of therapy to achieve this goal. When there is inadequate disease control with methotrexate alone, the current recommendation is to add a tumour necrosis factor blocker or another approved biological agent. 4 However, as evidenced by registries of routine clinical practice treatment, approximately one third of RA patients are being treated with biological monotherapy, that is without concomitant methotrexate. 5 6 There are many reasons for stopping methotrexate or initiating biological agents as a monotherapy. In daily practice, frequent methotrexate-induced gastrointestinal disorders (eg, nausea) have been reported as leading to poor patient compliance. 7 Moreover, the use of methotrexate may lead to other safety issues such as haematological and hepatic adverse events. Such limitations explain why it is important to evaluate a switch strategy to biological monotherapy in addition to traditional add-on strategies (ie, the addition of a biological agent to methotrexate).
Tocilizumab, a humanised antihuman interleukin-6 receptor monoclonal antibody 8 has proved its effi cacy and safety in RA patients continuing to receive methotrexate 9 10 and as biological monotherapy. 11 The latter is supported by data from a head-to-head trial showing that tocilizumab was more effi cacious than methotrexate in patients who had not failed previous treatment with methotrexate or biological agents. 12 Because methotrexate is the current recommended fi rst-line therapy, the question arises as to whether tocilizumab should be added to methotrexate (add-on strategy) or methotrexate could be stopped when commencing tocilizumab (switch strategy) in patients with inadequately controlled disease. The only data comparing the two strategies is from a phase II study with a small sample size and no structural outcome measures to indicate the superiority of the add-on strategy. 13 We therefore conducted a 2-year trial with the objective of assessing the effi cacy and safety profi le of either adding tocilizumab to methotrexate or switching methotrexate to tocilizumab monotherapy in patients with persistent active disease despite methotrexate therapy. Here, we report the fi rst 24-week clinical and radiological data.
PATIENTS AND METHODS Study design
This report covers the planned analysis of the fi rst 24 weeks (including the primary endpoint) of an on-going 2-year double-blind placebo controlled parallel-group clinical trial (NCT00810199, EudraCT no 2008-001847-20). The treatment allocation of individual patients remained blinded for patients, site personnel and the data analysis/interpretation team, except for the separate subgroup technically preparing the data.
The study was approved by the appropriate institutional review boards/ethics committees with written informed consent obtained from each patient before study participation. The study was conducted in full accordance with International Conference on Harmonisation/good clinical practice and the principles, laws and regulations of the countries in which the research was conducted.
Patients
Eligible patients had confi rmed RA according to the 1987 American College of Rheumatology (ACR) criteria with active disease defi ned as disease activity score based on 28 jointserythrocyte sedimentation rate (DAS28-ESR) greater than 4.4 at baseline and 4.0 or more at screening, and had been receiving methotrexate for at least 12 weeks, with a stable dose of at least 15 mg/week for 6 weeks or longer before starting study treatment. For inclusion, patients were also required to have bone damage with radiographic evidence of at least one joint with defi nite erosion attributable to RA as determined by a central reader. Major exclusion criteria included severe comorbidities, any previous use of biological agents as well as any conventional disease-modifying antirheumatic drug treatment other than methotrexate during the month (3 months for lefl unomide) preceding the baseline visit (see supplementary data, available online only, for full inclusion and exclusion criteria).
Study treatment
Patients were randomly assigned either to the add-on or the switch strategy group (see supplementary data, available online only, for study design schematic). Randomisation was stratifi ed by study site and baseline DAS28-ESR (≤ or >5.5) using a minimisation algorithm. All patients received open-label tocilizumab 8 mg/kg intravenously every 4 weeks. Treatment with methotrexate/placebo was double-blind: all patients received identical capsules of either placebo (switch strategy arm) or methotrexate 2.5 mg (add-on strategy arm), with the number of capsules at study entry being consistent with prestudy dosage. Tocilizumab and/or disease-modifying antirheumatic drug treatment was reduced or temporarily interrupted in patients with alanine aminotransferase or aspartate transaminase values greater than one to three times the upper limit of normal (ULN), and was discontinued for persistent increases greater than three times ULN.
Concomitant RA treatments
Oral corticosteroids (≤10 mg/day prednisone or equivalent) and non-steroidal anti-infl ammatory drugs were permitted as long as doses had been stable for at least 25 of 28 days before the start of study treatment. Alterations in the non-steroidal anti-infl ammatory drug dose were not recommended during the study, particularly during the fi rst 24 weeks. The corticosteroid dose could not be changed during the fi rst 24 weeks of the study.
Collected patient data and assessments
Data collected at baseline included demographics and disease characteristics such as RA disease duration. At baseline and every 4 weeks thereafter the following parameters were assessed: tender joint count, swollen joint count, health assessment questionnaire-disability index (HAQ-DI), patient's global assessment, physician's global assessment, C-reactive protein (CRP), ESR. Quality of life was assessed at baseline and at weeks 4, 8, 12 and 24 using the rheumatoid arthritis quality of life questionnaire (RAQoL). At each visit, patients were monitored for adverse events, vital signs and laboratory tests (eg, blood counts, transaminases, cholesterol). Radiographs of the hands/ wrists and feet were obtained at baseline and week 24. Each radiograph was assessed applying the Genant-modifi ed Sharp scoring system (GSS) by two independent readers (Perceptive Informatics Medical Imaging Services, Berlin, Germany) who were blinded to treatment assignment, chronological order of radiographs and patient's clinical status. The smallest detectable change (SDC) for GSS was computed based on the observed SD of difference between the x-ray readers, 14 whereas three readers in total participated in the campaign. The SDC is the smallest change that can be attributed to something more than observed variability of reader differences.
Statistical analysis
The clinical superiority of the tocilizumab plus methotrexate combination treatment in the phase II CHARISMA study 13 had an important infl uence on the statistical parts of the design.
To assess the working hypothesis that the add-on strategy (ie, initiation of tocilizumab plus continuation of methotrexate) would be superior to the switch strategy (ie, initiation of tocilizumab and discontinuation of methotrexate), the primary outcome measure of the study was defi ned as the percentage of patients in remission according to DAS28-ESR (DAS28 <2.6) at week 24. A two-sided statistical test of no difference between the two treatment arms at the 5% signifi cance level was used. Specifi cally for the primary endpoint, as well as for similar endpoints, a logistic regression model was employed including the stratifi cation factors used at randomisation (site and baseline DAS28 ≤ or >5.5) with a supportive Cochran-Mantel-Haenszel test stratifi ed for the same parameters. Analysis of covariance models were used to compare continuous outcome measures.
Effi cacy analyses were conducted in the intention-to-treat population (all randomly assigned and treated patients analysed in the arm they were randomly assigned to) with non-responder imputation for categorical variables (eg, DAS28 remission, ACR response), last observation carried forward until patient withdrawal for missing joint counts and no additional imputation of missing values.
The target sample size (235 patients per arm) was computed to provide 80% power to detect a 12.5% treatment effect difference between an expected 42.5% DAS28 remission rate at week 24 in the add-on strategy arm versus 30% in the switch strategy arm. 12 This difference (12.5%) was deemed to be clinically relevant by the study's steering committee (see supplementary data, available online only).
The following additional endpoints were analysed in accordance with the European League Against Rheumatism (EULAR)/ ACR collaborative recommendations for reporting RA disease activity in clinical trials: 11 (1) Other outcome measures at week 24 included mean changes in DAS28-ESR and in selected variables (eg, swollen joint count, tender joint count, ESR, CRP, HAQ-DI, RAQoL); percentage of patients who improved during the 24 weeks of the study according to ACR20/50/70/90, EULAR response and the percentage of patients with DAS28 <3.2 (low disease activity state). Remission as defi ned by the 2010 ACR-EULAR criteria (Boolean defi nition), 15 simplifi ed disease activity index ≤3.3 and clinical disease activity index ≤2.8 were analysed post hoc. (2) To approach the concepts of onset of action and sustainability, changes over time of selected variables such as joint counts, CRP, pain and HAQ-DI were evaluated. (3) The domain fatigue was evaluated using question 21 of the RAQoL questionnaire. (4) Radiographic endpoints included changes from baseline in total GSS, erosion and joint space narrowing scores and the proportion of patients with no radiographic progression (progression defi ned as change in GSS >SDC or >0). Safety endpoints included the incidence of adverse events (AE), serious AE, serious infections and specifi c laboratory abnormalities, which were analysed in the safety population (all treated patients with at least one post-dose assessment of safety, analysed according to the treatment received). Figure 1 summarises the fl ow of patients. The predominant reason for screening failure (n=308) was the absence of radiological erosions (40% of screening failures). Five hundred and fi fty-six patients were recruited, exceeding the target of 470 patients. This larger sample size increased the precision of the estimates.
RESULTS

Patient fl ow and baseline characteristics
Of the 556 randomly assigned patients, 512 (92%) completed the fi rst 24 weeks of the trial. There were no clinically signifi cant differences between the groups in the baseline characteristics except for a potentially relevant difference in GSS (table 1) .
Clinical effi cacy
The main effi cacy results at week 24 are summarised in fi gure 2 and for the tocilizumab plus methotrexate and tocilizumab plus placebo groups, respectively. Both treatment strategies showed a highly relevant clinical treatment effect. The study did not demonstrate a statistically signifi cant difference between the two groups in DAS28-ESR remission rates (primary endpoint). The actual absolute difference between groups (5.65%, 95% CI −2.41% to 13.71%, p=0.19) was much smaller than what had been considered clinically relevant a priori (12.5%). For other endpoints, the differences between the treatment groups at week 24 were mostly not statistically signifi cant and/or small, but with a numerical trend towards superiority of the add-on strategy. The difference between groups in the proportion of patients achieving low disease activity (DAS28-ESR <3.2) was 10.3% (p=0.029). Fatigue, as assessed by the proportion of patients answering 'yes' to question 21 of the RAQoL questionnaire ('I feel tired whatever I do') affected 75.6% and 73.3% of patients at baseline (add-on vs switch, respectively, p=0.79) and 51.9% and 50.0% at week 24 (p=0.68). Clinical parameters and CRP improved rapidly in both groups (fi gure 3A-D). For all these variables a sustained or continuously increasing effect size was observed in both treatment groups through the fi rst 24 weeks of the study.
Progression of structural damage
There were no statistically signifi cant intergroup differences in any of the evaluated continuous outcome measures (table 2, fi gure 3E). The SDC from baseline in GSS was 1.5, indicating a high agreement of the readings, therefore allowing for the detection of changes from baseline less than −1.5 and greater than 1.5. Radiographic progression was defi ned in two ways: any change in GSS greater than zero or greater than SDC. Based on the second defi nition the proportion of patients with no radiographic progression was 87.3% and 90.6% (GSS ≤SDC) in the tocilizumab plus placebo and tocilizumab plus methotrexate groups, respectively, and was generally very low in those patients who still had progressive structural damage. The changes from baseline in total GSS at week 24 were distributed similarly in the two groups (fi gure 2F).
Safety
A safety overview is presented in table 3. Overall rates per 100 patient-years of AE and serious AE were similar between groups. A total of 17 patients (6.1%) in the tocilizumab plus methotrexate group and 16 patients (5.8%) in the tocilizumab plus placebo group experienced serious AE, the most common of which were infections (seven events in each group) and cardiac disorders (three and four events in the two groups, respectively). There was a total of three deaths in the fi rst 24 weeks and a fourth patient died from an AE that started within the fi rst 24 weeks (two each in either group). The causes of death in these four patients were: sepsis; septic shock preceded by scrotal abscess, skin necrosis, acute renal failure and congestive heart failure; myocardial infarction; and sepsis with meningitis. AE-related discontinuations and dose modifi cations occurred in 3.6% and 27.4% of tocilizumab plus methotrexate patients and 2.5% and 18.5% of tocilizumab plus placebo patients, respectively.
Alanine aminotransferase elevations from normal at baseline to greater than ULN and to more than three times ULN at one or more time points during 24 weeks occurred in 48.8% and 7.8% of tocilizumab plus methotrexate and in 27.6% and 1.2% of tocilizumab plus placebo patients, respectively. For aspartate transaminase, such elevations occurred in 34.2% and 1.9% (tocilizumab plus methotrexate) and in 19.2% and 0.4% (tocilizumab plus placebo) of patients, respectively, indicating a trend towards lower rates of liver enzyme elevations with tocilizumab monotherapy. As seen in previous studies with tocilizumab and also with other anti-infl ammatory treatments, mean total cholesterol levels increased from 93.1 and 92.7 mg/dl at baseline to 102.4 and 103.5 mg/dl at week 24 in the tocilizumab plus methotrexate and tocilizumab plus placebo groups, respectively.
DISCUSSION
This study evaluated two different tocilizumab-based treatment strategies in patients with active RA and suggests that a clinically relevant effect with arrest of structural progression is observed at 24 weeks with both treatment strategies in the majority of patients. The study did not succeed at demonstrating that addon strategy effi cacy (combination therapy of tocilizumab plus methotrexate) was superior to the switch strategy (monotherapy tocilizumab plus placebo), although there were numerically small and not clinically meaningful differences in the primary and some secondary effi cacy endpoints in favour of combination therapy. No differences were observed in safety, the exception being that the add-on strategy resulted in a numerically higher percentage of patients who had transaminase level increases compared with the switch strategy. This is the fi rst study comparing the effi cacy and safety of tocilizumab in combination with methotrexate and as monotherapy in inadequate responders to methotrexate with a suffi cient sample size to address this question prospectively. The primary outcome measure (DAS28-ESR remission rate at 24 weeks) did not differ signifi cantly between the two strategies. With the exception of the proportion of patients with low disease activity (DAS28-ESR <3.2) at 24 weeks, the secondary effi cacy analyses supported the primary endpoint by not showing a between-group statistically signifi cant difference. This interpretation is also supported by the changes over time in individual parameters (fi gure 2). Looking at the overall picture across different endpoints and time points there was a trend towards slightly higher responses with the add-on strategy (eg, 5.6% difference in DAS28 remission and 3.3% difference in patients with no radiological progression greater than SDC). Looking at the effect sizes and the fact that most of the differences are not statistically signifi cant the trend in favour of the add-on strategy is considered clinically not meaningful.
As the study did not succeed at demonstrating the superiority of the add-on versus the switch strategy, we discuss here factors that could potentially have biased the study outcome, before rejecting the clinical study hypothesis. The study was powered to detect a 12.5% difference in DAS28-ESR remission rates at week 24 between the two arms, which is the minimum difference that the scientifi c steering committee considered to be clinically meaningful. This choice was supported by CHARISMA, a phase II dose-fi nding study, which indicated that combination therapy of tocilizumab with methotrexate might be superior to monotherapy (eg, DAS28 remission at week 16 achieved by 34% of combination therapy and 17% of monotherapy patients). 13 Based on the number of patients actually randomly assigned and the observed remission rate in the tocilizumab plus placebo arm the study was factually able to detect a difference of approximately 11% between the two strategies and as such had adequate discriminative power for a relevant treatment difference. The patients were selected based on the established defi nition of RA and their baseline characteristics were in concordance with earlier studies with tocilizumab or other biological agents, and were well balanced between the treatment arms. The only notable exception was baseline GSS, which showed more advanced structural damage in the switch group.
The doses of both methotrexate/placebo and tocilizumab were in line with approved labels. Furthermore, the methotrexate/placebo doses were similar between trial arms (table 1) and consistent with previous clinical trials evaluating combination methotrexate plus biological agent treatment [16] [17] [18] [19] [20] as well as with commonly prescribed methotrexate doses in clinical practice. [21] [22] [23] However, methotrexate/placebo doses were lower than in some current recommendations for the optimisation of methotrexate. 24 25 In the absence of any methodological bias that could have artifi cially reduced the difference in effi cacy between the two arms, we conclude that the answer to the question asked in the study 'Is the add-on strategy superior to the switch to monotherapy strategy?' is 'no' so that one could suggest that both strategies provide a similar benefi t in terms of clinical and structural outcomes.
Safety outcomes were similar in the two arms, except for a numerically higher rate of increased transaminase levels with the add-on strategy. Overall, the incidence of events such as serious AE, serious infections and discontinuations was similar between the add-on and switch strategies, consistent with previous tocilizumab studies.
The data observed in this study suggest that tocilizumab monotherapy may be a valuable treatment strategy for certain RA patients requiring biological agents. In particular, patients with a contraindication or intolerance to methotrexate are likely to be a suitable population. Further confi rmation of these data is required, including through the longer term observation of the patients recruited for this study as well as additional studies in other patient sets including the evaluation in daily practice via registries.
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